Echinomastus Britton & Rose (Cactaceae, Caryophyllales) is made up of seven taxa distributed in the arid regions of the southwestern United States and northwestern Mexico (Zimmerman and Parfitt, 2003). From the seven taxa described in Echinomastus, relationships among E. johnsonii (Parry ex Engelm.) E. M. Baxter, E. erectocentrus (J. M. Coult.) Britton & Rose var. erectocentrus, and E. erectocentrus var. acunensis (W. T. Marshall) Bravo have been difficult to resolve due to geographic proximity and morphological similarity (Baker, 2012). These taxa have recently been targeted for conservation concerns-particularly E. erectocentrus var. acunensis-a taxon with a very restricted range threatened by drought and climate change, predation by insects and small mammals, habitat degradation and loss, and non-native and invasive plants. Microsatellite markers are needed to provide information about genetic similarities and differences among the closely related taxa E. johnsonii, E. erectocentrus var. erectocentrus, and E. erectocentrus var. acunensis within the context of morphological variation and geographic distribution, and will be useful for understanding overall differentiation and evolutionary relationships between these taxa.
score of 20, leading and trailing of 4, and "minlen" of 50 (Andrews, 2010; Bolger et al., 2014) . Microsatellite regions were selected using a default option of a minimum of 8 for 2-mer, 3-mer, 4-mer, 5-mer, and 6-mer repeat units. Default settings for Primer3 were used to design primers (Rozen and Skaletsky, 1999) . After processing of our genome-skimming sequence data from each taxon sample through this pipeline, we examined the "optimal regions" output file and selected 33 microsatellite regions for initial testing on 7-32 individuals from all four taxa, relying primarily on primer sequences obtained from E. johnsonii. We selected these microsatellite regions for testing based on the type of repeat, favoring repeat units of 3-6 bp, or the occurrence of the microsatellite region in more than one taxon sample. Primers were acquired for each of the selected microsatellite regions (successful primer sequences are shown in Table 1 ; unsuccessful primer sequences are available upon request). Sequence library data were deposited into the National Center for Biotechnology Information Sequence Read Archive (BioProject ID PRJNA554465).
After initial screenings, amplifications of some of the selected regions were further tested in 118 individual DNA samples from nine populations that included 47 E. johnsonii, 23 E. erectocentrus var. acunensis, 30 E. erectocentrus var. erectocentrus, and 18 for the outgroup, E. intertextus (Appendix 1). PCR was set up in 12.5-μL volume reactions containing 5.92 μL of nuclease-free water, 1.25 μL of Promega 5× PCR buffer (Promega, Madison, Wisconsin, USA), 1.0 μL of 25 mM MgCl 2 , 1.0 μL of 10 mM dNTPs, 1.25 μL of 10× bovine serum albumin, 0.225 μL of 10 μM 5′-GTTT-3′ tagged primer, 0.025 μL of 10 μM 5′-CAGTCGGGCGTCATCA-3′ tagged primer, 0.23 μL of 10 μM 5′-CAGTCGGGCGTCATCA-3′ FAM-labeled primer, 0.10 μL of GoTaq DNA Polymerase (5 U/μL; Promega), and 1.5 μL of DNA template (5 ng/μL). Thermocycling conditions (Mastercycler Pro; Eppendorf, Westbury, New York, USA) consisted of a touchdown protocol with an initial denaturation step of 2 min at 94°C; followed by 20 cycles of 96°C for 30 s, 60°C for 30 s (decreased 0.5°C per cycle), and 72°C for 30 s; 20 cycles of 96°C for 30 s, 50°C for 30 s, and 72°C for 30 s; and a final elongation step of 10 min at 72°C.
Amplification products were screened on a 1.5% agarose gel and visualized using SYBR Safe (Invitrogen, Mulgrave, Australia) to determine if the reaction was successful. PCR products were purified and run on an ABI 3730 Capillary Electrophoresis Sequencer at the Arizona State University DNA sequencing facility (Phoenix, Arizona, USA) using a LIZ 600 internal size standard (Applied Biosystems, Waltham, Massachusetts, USA). Microsatellites were scored and binned using the program Geneious version 10.2.3 (Biomatters, Aukland, New Zealand) and its microsatellite plugin version 1.4.4 (Kearse et al., 2012) . The number of observed alleles per locus and levels of expected heterozygosity and observed heterozygosity were Of the 33 primer pairs tested, 15 showed clear amplification and were analyzed in more detail (Table 1) . Only one marker (ECHMA26) was monomorphic and inconsistently amplified across our samples. This primer was excluded from further analysis. In E. johnsonii, the average number of alleles across all loci was 6.64 (±3.40 SE; range 1-15) and levels of observed and expected heterozygosity ranged from 0.000 to 1.000 and 0.000 to 0.917, respectively (Table 2) . Two loci (ECHMA13 and ECHMA17) were detected to have a high frequency of null alleles. Ten of 42 comparisons deviated from Hardy-Weinberg equilibrium, but no loci deviated across all three populations (Table 2) . These 14 markers also amplified in the closely related taxa E. erectocentrus var.
erectocentrus and E. erectocentrus var. acunensis, and 12 markers amplified in the outgroup species E. intertextus (Table 3) .
CONCLUSIONS
This project resulted in the identification of 14 polymorphic microsatellite loci useful for quantifying genetic diversity within and among populations and taxa across their ranges of E. johnsonii, E. erectocentrus var. erectocentrus, E. erectocentrus var. acunensis, E. intertextus, and potentially other members in the genus Echinomastus. The application of these genetic markers to additional individuals and populations across all three ingroup taxa will provide a more complete picture of genetic diversity and structure of this morphologically similar group. Information obtained will be used to clarify taxonomic relationships and inform management decisions for E. erectocentrus var. acunensis, a taxon of conservation concern.
